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Abstract: Safety-critical domains are interesting and challenging areas for ap-
plication of mobile devices. This paper presents results from an experimental 
evaluation of an object-oriented method for analysis and design of mobile sys-
tems. This method provides guidelines for the design of interactive mobile sys-
tems based on object-oriented models of the application area. The evaluation 
involves design of a specific location-aware mobile device to support commu-
nication in a safety-critical domain. The domain is the fuel department of a 
coal-based power plant. It is concluded that the method provides valuable sup-
port to the design of the user interface. Yet the initial activities and the integra-
tion of prototypes in the development are not supported to the same extent. 
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1   Introduction 

Mobile handheld devices, such as mobile phones and personal digital assistants 
(PDAs), are spreading fast and are becoming ever more powerful. The mobile tech-
nology has provided organizations, as well as individuals, with the ability to work in 
novel and previously unanticipated ways [25]. A variety of mobile devices are al-
ready being used in almost every workspace, to obtain information and interact with 
other users, especially for communicative purposes [13]. In addition, mobile devices 
are also used to participate in the social practices of exchange [4, 27]. 

When we develop systems for mobile devices, a variety of aspects that are differ-
ent from those considered in relation to traditional systems, have to be taken into 
account [18]. Compared to traditional stationary desktop systems, mobile systems are 
unique in several ways: They are often used while moving, they are used in different 
locations and situations, and they often have very small visual displays, which result 
in limited interactions styles [8, 9, 16]. 

These fundamental differences impose new and fundamentally different challenges 
on the analysis and design of mobile systems. Especially the design of usable user 
interfaces leads the user interface designer to explore other ways of displaying infor-
mation to the mobile user. In order to take all of these aspects into account in the 
development process, it requires a study of human-computer interaction (HCI) proc-



esses to support usability of the mobile devices [3]. There is a substantial amount of 
articles documenting HCI research in relation to mobile systems, but the area of mo-
bile HCI lacks research and development based on a firm methodological foundation, 
since most of these activities are based on trial and error [17]. 

Methods are generally used with the purpose of solving a problem. A software de-
velopment method usually consists of a series of activities, being abstract prescrip-
tions on how to reach a state where the problem has been solved. The purpose of a 
method is to enable practitioners with different backgrounds to avoid repeating mis-
takes that others have encountered. Thereby, methods enable less experienced people 
to be more likely in succeeding [6]. Methods cannot be expected to solve all prob-
lems, but they can make the life of practitioners somewhat easier. 

This paper presents results from an experiment where we studied to what extent an 
existing software development method supported the design of the HCI aspects of a 
mobile system. The following section 2 describes the experiment. This includes an 
overview of the methods that were considered as candidates for the experiment and 
the details of the experimental procedure that was applied. Section 3 presents the user 
organization where we conducted the experiment. The organization is a coal-based 
power plant, and the application domain is the work processes in the fuel department. 
Section 4 provides a description of the method that was used combined with experi-
ences from the application of the method for analysis and design of a mobile hand-
held device to support communication in the safety-critical domain. In section 5, we 
discuss general lessons learned through the experiment. Finally, section 6 provides 
the conclusion. 

2   Experimental Design 

The purpose of the experiment was to study to what extent an existing software de-
velopment method supported the design of the HCI aspects of a mobile system. The 
basic research method employed in the experiment was a case study approach. Case 
studies are often thorough empirical studies of small sized entities such as groups, 
organizations, individuals, or systems. Case studies are particularly well suited for 
research focusing on describing and explaining a specific phenomenon and for devel-
oping hypothesis or theory Kjeldskov & Graham [2003]. Our aim was gain more 
insight into the potentials of general object-object oriented methods for development 
of mobile systems. 

2.1   Development Method 

A key decision was the selection of the specific method that was used in the case 
study. In this selection, we limited ourselves to object-oriented methods. There are 
three reasons for this. First, object-oriented methods have become the most widely 
used approach in the development of interactive software systems [20]. Second, the 
basic concepts of the object-oriented approach, objects, states, and behaviours, are 
well suited for describing the system’s context [20]. This relation to context is par-
ticularly important when we are developing mobile, location-aware systems. In addi-



tion, object models are central in analysing and understanding the problems relevant 
to the users. This includes the users’ understanding of the system and their envisioned 
behaviour while using the system [11]. Third, the members of the development team 
had been using object-oriented methods and programming languages in other pro-
jects. Thereby, they had considerable experience with the object-oriented approach. 

Within the object-oriented approach, we had to select a specific method. We iden-
tified a collection of articles about different methods that combine object-oriented 
analysis and design with HCI [11]. The methods considered are listed in the top row 
of table 1. In order to select one of these methods, we developed a list of aspects that 
a method might include. This list is the left column of table 1. The result of evaluating 
the methods in the collection is shown in table 1. A dot in the table indicates an area 
of focus in the article that presents the method. 

Table 1. Comparison of methods 
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Table 1 illustrates that some methods focus only on a few areas, while others cover 

several areas of the criteria. Based on this analysis, we chose Wisdom (Whitewater 
Interactive System Development with Object Models) [24] as the method we would 
use in our experiment. It covers criteria within all of the five main categories. Fur-
thermore it includes the Bridge method as described by [7] in the final stages of the 
development process for describing the transition from object models to user interface 
design, and is thereby the only method that elaborates explicitly on this issue.  

We were aware that neither Wisdom nor any of the other methods in table 1 cover 
all parts of the development process. Therefore, we decided to combine it with a 
general object-oriented method known as OOA&D [20]. The idea was to use this 



method as a supplement when we encountered a development process problem that 
was not covered by Wisdom. 

2.2   User Organization 

The other key decision was the choice of user organization. We are generally focus-
sing on safety-critical domains. Therefore, we would prefer a user organization within 
such a domain. In addition, we stated a list of requirements to the case´. Based on 
these, We chose Nordjyllandsværket, see figure 1, which is coal-based power plant 
situated in Northern Jutland in Denmark. We limited the case to the fuel department 
of the power plant. This department is a safety-critical domain where a mobile system 
will be useful in different locations, and where the employees have different and 
varying working tasks to solve. Tasks are carried out in collaboration among employ-
ees, and during this process the employees must be able to communicate with each 
other, even if they are not located in the same place. 

 

 
Figure 1. Nordjyllandsværket 

2.3   Experimental Procedure 

The experiment basically involved analysis and design of a mobile communication 
device for employees in the fuel department. The experiment would involve devel-
opment of a series of prototypes that represented a specific design of the mobile sys-
tem. After analysis and design, we would test a final prototype through a usability 
evaluation, since this is the most systematic way to discover, whether the method has 
succeeded in assisting our development of a usable system. 

Data collection throughout the development process was based on diaries [15]. The 
diaries were used to retain important information, such as observations, actions, and 
reflections. The diaries later served as the basis for reflections on the development 
process. The development process was carried out by a development team that con-
sisted of four of the authors of this paper. It was conducted during the fall of 2003. 



3   A Safety-Critical Domain 

This section provides an overview of the user organization in our development case. 
It is the fuel department (see figure 2) at the coal-based power plant Nordjyllands-
værket, located in Northern Jutland, Denmark. This includes a description of the 
major tasks performed by the employees in the fuel department and the nature of the 
problems they experience with their collaboration. 

 

  
Figure 2. Overview of the fuel department 

Nordjyllandsværket is a coal-based power and heating plant located in North Jut-
land in Denmark. The production of central heating and electricity result in several 
by-products such as sulphuric acid and ashes that are used in the production of ce-
ment. The plant is divided into two independent production plants. The coal to the 
two plants is supplied from a central storage area. The fuel-department is responsible 
for delivering the coal used in the two production plants, amounting daily to 5000 
tons of coal for each. 

3.1   Communication to Support Coordination 

The employees perform a variety of different tasks in order to ensure that the needed 
amount of coal is delivered to the two production plants. In order to coordinate the 
many tasks described above the need for quick and easy communication is important, 
and in some cases even essential in order to carry out the job in a safe and efficient 
manner. At the present, the devices used for communicating are VHF-radios (walkie-
talkies), DECT wireless phones, and some times mobile phones. 

Every element of the coal transport can be controlled through the existing system. 
When a problem arises, which cannot be solved from the control room, for example 
in the Grinder building, the person situated here trying to solve a problem do not have 
access to the information, which is available in the control room. Furthermore only 
some parts of the machinery can be controlled from the Grinder building. The only 
way to gain some kind of access to the information systems in the control room is by 
communicating with a person in the control room either by phone or walkie-talkie. 
Often the phones are not usable because of the weak signal, hence the only tool for 



communicating is the walkie-talkie, but this is problematic if the machine is running, 
since the Grinder generates a lot of noise.  

3.2   Communication Problems 

Several problems are related to the use of these devices: Many conveyor-belts run 
underground, which disrupts the signal, and the machines and conveyor belts are 
often placed inside concrete buildings, which also disrupts the signal. Finally, there is 
a deafening noise inside these buildings, which makes talking to each other difficult, 
and using some kind of mobile devices for verbal communication is virtually impos-
sible.  

In their experience the problems were related to two areas. One area was explained 
as problems with connection fallouts when using their communication devices. The 
second area was problems with noise in some areas of the power plant. We also had a 
tour around the work area of the fuel department to gain geographical knowledge of 
the application domain. 

4   Development Method and Process 

In this section we describe the Wisdom method’s development process and our actual 
development process. Wisdom is is described in different references [22, 23, 24].  

The Wisdom process is a software process framework based on a user-centered, 
evolutionary, and rapid-prototyping model specifically adapted for small teams of 
developers. The process includes four phases of software development, which are 
called “Evolutionary phases”, because of Wisdoms evolutionary approach: Inception, 
Elaboration, Construction, and Transition. These phases are included with different 
intensity in the four workflows of the method: Requirements, Analysis, Design, and 
Whitewater evolution. The fourth workflow is named Whitewater evolution, and 
replaces traditional approaches to implementation. Evolution complements whitewa-
ter because the process evolves in a sequence of incremental prototypes. 

Our objective was to evaluate the Wisdom method. Therefore, we wanted to use it 
to the extent possible, making sure that all activities had been performed before we 
turned to the alternative method. Figure 3 illustrates what we actually used Wisdom 
for and how we combined it with our alternative method. 

The first workflow deals with requirements. It quickly turned out that it was not 
clear how to initiate the development process. We conducted studies to obtain an 
overview of the application domain. This gave us an overview of the application 
domain and insight to their communication problems, using wireless phones and 
walkie-talkies in such a noisy environments. The understand system context activity 
is conducted for understanding the domain of the problem ending up with the domain 
model. The domain model captures the most central type of objects in the context of 
the system. The user profiling is conducted in order to describe the actual users whose 
tasks will be supported by the system. The last activity of the requirement workflow 
is essential task modelling. It aims at finding the functional and non-functional re-
quirements of the envisioned system. Wisdom is an essential use-case and task flow 



based method, and therefore it relies on essential use cases to capture the structure of 
use patterns and the underlying functional requirements. 

 

  
Figure 3. The development process 

To evaluate the outcome of the requirement workflow, a non-functional prototype 
was created (prototype 1). The Wisdom method did not describe which approach to 
use, when testing the non-functional prototype. Therefore we did an informal test at 
the fuel department, where different employees tried to use the prototype, which led 
to a discussion about the required functionality and the prototype’s structural design. 
The outcome of the test, resulted in another re-evaluation of the task flow diagrams, 
and the test yielded useful ideas that should be considered when designing the next 
prototype.  

The analysis workflow refines the structure of the system that was described in the 
requirement workflow. The purpose is to produce a description of the requirements 
that shapes the structure of the interactive system. One outcome of this activity is a 
revised class diagram, but since the Wisdom method did not provide any detailed 
information on the procedure, we decided to use OOA&D to find classes, events, 
behaviours, and functions, and to produce the required revised class diagram. The 
analysis workflow also includes interface architecture design and construction of an 
interaction model. The interaction model is the external view of the system from the 



user interface perspective. This model structure the user interface, and therefore iden-
tifying the different elements that compose the dialogue and presentation structure of 
the system, and how they relate to the domain-specific information in the functional 
core. 

 

 
Figure 4. The user interface of the communication device 

In the design workflow the shape and architecture of the system are refined for the 
implementation. The internal system design contains two sub-activities, where the 
first is to prioritise and select use cases, and the second is to design the use case 
classes.  In the user-interface design activity, the interaction model is transformed into 
a concrete user interface design. This activity encompasses two concurrent flows of 
activities, corresponding to the dialogue and presentation components of the interac-
tion model. The user-interface design activity ends by relating both task classes to 
interaction space classes, hence completing the process of distributing responsibilities 
between the dialogue and presentation models.  

The Wisdom method refers to the Bridge method for detailed interface design. The 
Bridge method is a comprehensive and integrated methodology for designing an ob-
ject-oriented, multi-platform, graphical user interfaces with the objective of meeting 
user needs [7]. The Bridge method was used to map the interaction spaces into a 
concrete user interface design, which resulted in another non-functional prototype 
(the second prototype). The non-functional prototype was used as an outline for the 
implementation of a functional prototype (the third prototype), which was an iterative 
activity that concludes the Wisdom design workflow. The resulting interface is illus-
trated in figure 4. 

5   Evaluation of the development method 

In this section we will focus on the activities in the requirement, analysis, and design 
workflow of the Wisdom method and discuss and evaluate problems and successes 
experienced. This evaluation is based on the diaries made during the development 
process. 



5.1   Workflows 

In the requirement workflow there was a general problem of just getting started. To 
solve this problem, two OOA&D techniques were included. Another problem was 
capturing the communication between the employees. To solve some of the chal-
lenges, a situation was staged, in which we were able to observe the communication, 
and through a non-functional prototype we were able to check whether our under-
standing of the communication structure was acceptable. Through Wisdom’s user 
profiling activity, we were supposed to find the actors of the system, but in doing this, 
we ended up with the question of what is the difference between the terms actors and 
roles and what constitutes a user profile? 

In the analysis workflow, we chose to include techniques from the OOA&D 
method for finding classes, events, behaviours and functions in the system. The out-
come of using these techniques was a revised class diagram that depicted the physical 
locations, the communication, and the users relevant to our system. 

In the design workflow we started out by re-evaluating the use cases and essential 
task flow diagrams, and based on this, the interaction models, since they were made 
from the essential task flow diagrams. We discovered that our essential task flow 
diagrams might have been too detailed, since this got us into trouble in the develop-
ment of the dialogue models. Despite the problems with the inconsistency of the ex-
amples of the models, we found that the dialogue and presentation models provided 
an improved overview of the functions and how and which screens were to be im-
plemented. 

When transferring the interaction spaces model to a concrete GUI, the Wisdom 
method refers to the Bridge method, but several things were not taken into account by 
the latter method. First of all, there was no indication of how the grouping of objects 
should be done or how general design issues should be implemented. Even more 
important in our case, it did not take the screen size into account. Again we realized 
the importance of the first prototype, since it provided the basic ideas for the design. 

Despite any criticism of inconsistence in the models used in Wisdom, they have 
proven useful in several aspects. They gave a good understanding of the system, 
when made, and we did end up with graphical user interface design that proved useful 
in the usability evaluation, a system that managed to support the users’ tasks in con-
nection with problem solving. Having said this it should also be noted that the proc-
ess of moving from the interaction space model to the concrete GUI design seems a 
bit like pulling a rabbit out of the magician’s hat. What Wisdom really helps to do is 
that through its many models it manages to facilitate the designers in determining 
what information should be available in the specific windows and what information 
should be available for user manipulation and a navigational overview. But Wisdom 
does not help to position, group, estimate whether the cognitive load is acceptable, or 
what modalities to use. These fundamental challenges in user interface design all 
need to be taken into account when designing the user interface and are also closely 
related to the information presented in the window 



5.2   Prototyping 

Wisdom proposes development and evaluation of prototypes between the different 
workflows in order to evaluate the result. We find this approach to be troublesome, 
since it contains some problems: 

 
• Elaborating essential use cases and essential task flows, with the aim at 

avoiding premature design decisions, contradicts the development of proto-
types at the end of the requirement workflow, as it forces the development 
team to make design decisions. 

• The lack of descriptions on how to construct a prototype makes the scope 
and purpose of the prototype unclear.  

• The purpose of developing a prototype seems irrelevant, when the method 
does not specify how the results from the evaluation of the prototype are 
utilized in the development process. 

 
The transition from the first to the second workflow illustrates these problems. 

This transition is supposed to involve some kind of non-functional prototype. How-
ever, other than suggesting prototype development and test during this workflow, the 
Wisdom method was not that specific on these issues. First of all, the Wisdom 
method had focused on not making any GUI design decisions until now, and instead 
focusing on using essential use cases and task flow diagrams, which was a kind of a 
problem when designing a prototype. Furthermore it did not specify how the results 
of the prototype test should be utilized in the further development. 

The usability of the implemented prototype was tested through field evaluation in 
cooperation with the employees, whom are the potential users of the mobile system, 
and through heuristic inspection performed by usability experts. The overall results of 
these evaluations showed us that the system was indeed usable, and that the employ-
ees all said that they would want to use the system, if it were fully implemented. 

6   Conclusion 

In this paper, we have presented experiences from an experimental evaluation of the 
Wisdom method. The focus has been on the extent to which this method supports 
design of the HCI aspects of a mobile device for communication. 

On the overall level, the procedure worked well. The activities were relevant, and 
the results of different activities comprised a coherent design. The shortcomings of 
the method relate to specific activities, where we had to employ other techniques. In 
addition, the use of prototypes was recommended but the interplay between specifica-
tions and prototypes was not supported by the method. 

At first Wisdom seemed attractive to us, because it gave the impression that the 
design workflow aimed at facilitating the transition from object models to a concrete 
user interface design. Having used the method, we can now say that we did not find 
this to be the case in our development process. The activity of making the concrete 
user interface design, based on object models, is rather inadequate, since the models 
created in the design workflow only facilitate the developers in understanding what 



information is required in a specific window. All other design decisions, which all 
have significant influence on the usability of the implemented system, are, in essence, 
still based on the experience of the developers who are involved in the specific design 
of the user interface. 

Our results and conclusions are limited by the fact that we have employed a case-
based research approach. We have only applied the method once, and we have only 
developed a system for a specific domain. Therefore our approach’s applicability in 
relation to the development of mobile systems in other environments is unknown. 
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